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ABSTRACT 
In the fresh produce industry, corrugated containers must be made to provide adequate 
protection throughout the product life cycle. In response to increasing materials costs in the 
corrugated industry, companies are focusing upon developing more efficient packaging designs.  
The scope of this project focuses on presenting alternative corrugated packaging designs for the 
fresh produce industry.  Included are one piece designs, three piece bliss designs and 
alternative material exploration.  This project presents the performance of new solutions by 
exploring their compressive strength before and after exposure to humidity. 
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SECTION I 
INTRODUCTION 
Problem Statement 
Calpine Containers, located in Fresno California, specializes in producing corrugated packaging 
for the fresh produce industry.  In order to stay competitive in this time of economic unrest, 
companies are pressured more than ever to advance their products and services to ensure a 
sustainable competitive advantage.  Just last year material costs have risen three times at a rate 
of ten percent each time.  With such high volumes of production, a thirty percent cost increase 
has a significant financial impact.  To account for this a new packaging design must be 
developed. It is important that the new package design either matches or exceeds the current 
package, while incorporating a reduction in material used.  Since fresh produce is subject to 
palletizing, cold storage and transportation, the package must exhibit high stacking strength, 
resistance to moisture and withstand frequent changes in humidity. 
Table 2: Recognition of Needs 
                              Package Needs             Importance, 4 being of highest importance 
Reduction in Material Cost 4 
Maintain Structural Integrity 4 
Resistant To Moisture 4 
High Column Strength 4 
Adaptable To Various Sizes and Layouts 3 
Attractive Design 3 
Compete With Related Products 3 
Compatible With Current Machinery 2 
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Background 
     Marco Mastro of Calpine Containers has been in communication with faculty members at 
California Polytechnic State University for some time.  As the company focuses mainly on 
distribution, there is little time or resources to give full attention to a corrugated package 
redesign.  For this reason it was determined that the task would be best given to a student for a 
senior project.  The task will be mutually beneficial to both Calpine Containers and the student.  
The students coursework at California Polytechnic State University under the Industrial 
Technology major and Packaging minor has given substantial background in the area of this 
project.  The student is familiar with ArtiosCAD software, as well as prototyping machinery and 
package testing machinery. These skills will allow the student to effectively complete the 
project. 
Objectives 
     The objective of this project is to develop a solution for the industry problem of rising 
material costs in corrugated packaging.  An innovative, new design is to be constructed while 
adhering to all standards and regulations necessary.  The new design will reduce the amount of 
material used while maintaining or exceeding the strength of the previous design.  To 
accomplish this, extensive testing will be done in multiple environments.  The data that is 
gathered will be used to compare against the original design and provide substantial evidence 
of its feasibility.  The student shall apply the skills and techniques that have been taught during 
undergraduate studies while at California Polytechnic State University.  Over the course of this 
project, the student will have an opportunity to gain experience in an industry scenario as well 
as enhance technical writing abilities.  
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Contribution 
     Upon completion, this task will aid in the reduction of materials used in fresh produce 
corrugated packaging and therefore have a significant positive financial impact for the 
company.  The new design will become exclusive to Calpine Containers, assisting the company 
in gaining a sustainable competitive advantage.  There is potential for the new design to 
improve performance as well.  There are opportunities for improvement in both strength and 
function.  Since fresh produce requires constant and rapid airflow to promote cooling in 
storage, an improved ventilation system would be very beneficial.  In addition to the company’s 
benefit, a reduction in material is good for the environment as well and will help create a more 
sustainable package.   
Scope of Project 
     This project involves the creating an innovative new corrugated packaging design for a 
specialized industry.  Fresh produce corrugated packaging requires several considerations.  
Since produce can rapidly spoil, proper ventilation must be included so that rapid cooling can 
take place once put into cold storage.  While stored and during transportation, the containers 
are stacked in column formation and palletized.  To ensure stability and strength, stacking tabs 
must be incorporated without compromising the column strength of the edge.  During the 
package life cycle it is subject to frequent changes in temperature and humidity. To account for 
this the package may have to incorporate additives to enhance resistance to moisture. 
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SECTION II 
LITERATURE REVIEW 
 
Overview 
In order to be fully effective in completion of the project, it is important to research and find 
information on the subject matter.  With proper research, the student will gain a better 
understanding of what is to be done, and will be more effective in doing so.  Researching 
publications can give insight to the subject matter by providing information about similar issues 
that have been resolved in the past.  Once a solid understanding of the issue as well as all 
components relating to it is achieve, the student will be able to more effectively complete the 
task. This section will begin with a review of the subject of the packaging material, how it is 
relevant to the fresh produces industry, and the considerations taken during design.  Following 
will be a review of the requirements of packages in the fresh produce industry, and a look at 
several crucial testing criteria as well as product life cycle. 
Corrugated Board 
     The use of corrugated board dates back to over a century ago. It has evolved considerably 
since its creation and has become a leading choice of material used for protective packaging.  
Corrugated board consists of two layers of linerboard with fluted medium glued in between.  
The fluted medium creates a series of arches throughout the board, giving it considerable 
strength that can be applied to various protective packaging applications.  The arches create 
space that allow for airflow, which can additionally act as an insulator for the product within.  
Each year the United States uses nearly 9,000 million square meters of corrugated board 
according to the International Corrugated Case Association (ICCA) (2008).     
     Corrugated board can be made in a variety of ways 
to adapt to the specific protective requirements of 
Figure 1: Cross Section of Corrugated  
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the application.  By varying the size of the flutes, or adding additional layers of flutes, the sheets 
can be modified to reduce weight, or increase strength and protection from the external 
elements. Corrugated board is graded by the size of the fluted medium.  Grades include A, B, C, 
E and F flutes.  According to the ICCA B-flute and C-flute are the most commonly used as they 
are versatile and have a desirable rigidity and cushioning properties, while the micro-flutes E 
and F are used for more specialized applications.  While C-flute is the most popularly used 
grade of corrugate in the United States, B-flute can be considered a very feasible alternative.  
Phoenix Packaging (2010) states that B-fluted corrugated exhibits flutes that are approximately 
one third shorter than the C-flute.  This translates into several advantages such as using one 
third less space during shipping and storage and requiring less fuel for shipping from the 
manufacturer and user due to lower weight.   Additionally B flute offers superior rigidity to C-
flute as well as a more printable surface due to more closely compacted flutes.  The setback to 
this material however is that it is not as widely manufactured and the shorter flutes reduce the 
cushioning properties compared to C flute. 
Structural Performance 
     The nature of the structure of corrugated board gives it a very high stiffness to weight ratio 
as well as a high strength to weight ratio. The structural performance of a corrugated container 
is a function of numerous factors including the quality of the input cellulose fibers, the 
mechanical properties of the liner and medium, and the structural properties of the combined 
board according to the European Federation of Corrugated Board Manufacturers (fefco) (2010). 
These properties give corrugated board considerable resistance to compressive forces from 
stacking and impacts, vibration and fluctuating atmospheric conditions.  Due to its structure, 
corrugated board is resistant to buckling and can be made to exhibit considerable stacking 
strength, making it an ideal choice for many industries including the fresh produce industry.  
Depending on the requirements of a product, corrugated board can be manufactured to have 
higher compressive strength by adding layers.  Double walled and triple walled corrugated 
boards are commonly used to accommodate heavier products and loads.  When corrugate is 
double walled, another layer of medium is added and covered by an additional layer of 
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linerboard. This is repeated once more to achieve triple walls.  Double walled corrugate is 
composed of two layers of fluted medium and three layers of linerboard, while triple walled 
corrugate is composed of three layers of fluted medium and four layers of linerboard.  
Effect of Moisture in Corrugated Containers 
     As corrugated board is paper based, it is susceptible to degradation in the presence of 
moisture.  With varying humidity, the compressive stacking strength of corrugated boxes can be 
significantly altered.  This issue is of concern in the fresh produce industry, as the containers are 
subject to environmental changes when they are taken in and out of refrigeration to avoid 
spoilage, as well as subject to exposure to moisture from the produce itself due to respiration.  
When a corrugated container is exposed to these environments and is subject to contain fresh 
produce, it tends to equalize with the atmospheric condition and absorb this moisture. It has 
been shown in studies that as moisture content increases, compressive strength is decreased at 
an exponential rate (Marcondes, 1996).  It is critical to take these factors into account when 
designing a corrugated container for a fresh produce application to ensure proper performance 
and protection for the product throughout the entire life-cycle. According to Marcondes (1996) 
the majority of packaging designs do not take into account how shock is absorbed or how 
vibration is transmitted to the product, leading to poor package performance.  
Corrugated Common Footprint 
     In order to standardize corrugated containers while meeting demands for new packages to 
reduce shrink and shipping costs, the corrugated industry created the corrugated common 
footprint (CCF) (2001). Large retailers often require the use of a CCF as a way of 
standardization.  The corrugated footprint refers to how the boxes are laid down on a pallet.  
One example is a 5-down, a 16 inch by 24 inch footprint that is designed for stacking five boxes 
per layer.  Another is the 10-down, a 16 inch by 12 inch footprint for 10 boxes per layer on a 
standard Grocery Manufacturers of America or Euro pallet (2001).  
     When the corrugated common footprint is compared to another standardized shipping 
method, the reusable plastic container(RPC), it outperforms in almost every way.  Since 
7 
 
 
 
corrugated board exhibits a very high strength to low weight ratio, it allows for many 
advantages during shipping, especially in comparison to the RPC.  Weight savings means that 
more product can be shipped per truckload.  Studies (2001) show that the 10-down CCF has 
shown increase protection against vibration and bruising of fresh produce during shipping.  
Additionally the customizable ventilation hole locations allow airflow to be optimized 
throughout the pallet, allowing for a lower rate of spoilage.  Other advantages over the RPC 
include the superior cushioning properties of corrugate, infinite depth designs so that the 
package can best suit the produce, customizable graphics and design flexibility, according to 
research done at the University of California, Davis (2001). 
Corrugated Board in the Fresh Produce Industry 
     Corrugated board is made from cellulose fibers that can be virgin or recycled, making 
corrugate a renewable resource according to fefco (2010).  The ease of recyclability along with 
its high strength to weight ratio and high printability has made corrugated containers a prime 
choice for fresh produce packaging.  As fresh produce has a rapid spoilage rate, rapid 
refrigeration is often required.  To accommodate this need corrugated packages must be made 
to withstand frequent changes in temperature and humidity throughout the products lifecycle.  
The package may be exposed to several environments before arriving at its end use location.  
These environments include refrigerated storage, followed by rises in temperature and drops in 
humidity during transport before returning to refrigeration.  These changes in temperature and 
humidity can take a drastic toll on the strength of the package and therefore are a top 
consideration during package design. 
     Due to long term storage while stacked on pallets, corrugated containers must be made to 
withstand large amounts of compression forces for extended periods of time.  When 
compressed for long periods, corrugated containers can experience fatigue, creep and even 
buckling.  If the package fails in this manor, severe product damage can occur.  To prevent this, 
the package must be designed with a focus on the vertical sidewalls.  Since two-thirds of the 
packages total strength is derived from the vertical faces it is practical to add material in these 
areas rather than thickening the top or bottom horizontal faces.   
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Testing Procedures 
     For the use of packaging in the fresh produce industry, corrugated containers must be 
thoroughly tested to ensure that proper protection will be given.  The main focus of testing for 
this project is for the column strength of the package.  Test protocols from The American 
Society for Testing and Materials (ASTM) are adhered to.  Using ASTM D 642, corrugated 
packages undergo compression testing.  Using compression testing machines, the peak force 
and deflection of the package is recorded.  Additionally, due to the variable environments 
throughout the packages life cycle, they must be environmentally conditioned accordingly as 
well.  ASTM explains the need for these procedures in the following statement (2006). 
Many materials from which containers and packages are made, especially 
cellulosic materials, undergo changes in physical properties as the temperature 
and relative humidity (RH) to which they are exposed are varied.  Therefore, the 
package should be placed and kept in a specified atmosphere for a length of time 
such that subsequent measurements of physical properties will be meaningful 
and reproducible.   
By testing at multiple atmospheres, packages can be made to withstand any environment that 
it may be exposed to during its life cycle.  It is important to conduct several of the same tests 
and to take averages of all results, just one test is insufficient.  
Box Styles 
     The three most common box styles used for fresh produce are slotted boxes, telescoping 
boxes, and bliss boxes according to research done at California Polytechnic State University 
(Singh,J.*, Kisch, R., Chhun, J., Olsen, E. 2009).  For the purpose of this project, bliss style boxes 
will be the main focus.  Bliss style containers consist of two identical end panels and a body that 
folds to form the two side panels, an unbroken bottom panel and the top. Ventilation cutouts 
on the side must be incorporated for the application of fresh produce. Unfortunately, wherever 
a hole is present the column strength of the container is lost at that specific area.  Research 
(2009) has shown that bliss style containers do well at compensating for this loss by 
incorporating double walls, triple walls, and sometimes even quadruple walls.  Unfortunately 
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this adds a great deal of material.  The purpose of this study is to create a design that minimizes 
the need for extra material without compromising the column strength of the container. 
Corrugated Life Cycle Analysis 
     In order to gain better understanding of the environmental impact of corrugated containers 
throughout each stage of the product life-cycle, the Corrugated Packaging Alliance (CPA) 
performed an extensive life-cycle assessment. The study examines environmental benefits 
related to corrugated as well as the potential environmental benefits of process improvements. 
    The life-cycle analysis performed focused on four primary life-cycle stages: production of 
containerboard, conversion into a final product, transportation of product, and end of life 
disposal (2010).  The map below illustrates these stages of the corrugated lifecycle as well as 
highlights the environmental impacts associated with them. 
 
Figure II: Corrugate Life Cycle Flow Chart 
     The results of the assessment were calculated for 1 kg of final corrugated product in relation 
to issues such as global warming potential, acidification potential, smog potential, as well as 
primary energy demand.  It was found that the manufacturing process of the containerboard is 
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the highest contributor to these factors.  The handling of the corrugated product at the end of 
the life-cycle was shown to have minimal impact on all of the above factors except for global 
warming potential, for which it plays a significant role.  This is a result of the landfilling process, 
when the carbon content of the corrugated board is converted to methane and carbon dioxide 
(2010).  However, if the corrugated was not incinerated or landfilled at the end of its life-cycle, 
the overall global warming potential would decrease by nearly 40%.  The above figures do not 
take into account landfill gas recovery, which would reduce the negative potential further.  This 
critical end stage shows the importance of recycling, which currently has a very high rate for 
corrugated.  This study (2010) concluded that 78% of old corrugated containers are recycled 
each year, meaning they are put back through the life-cycle instead of being incinerated or 
landfilled, therefore making a significant positive environmental impact. 
Protective Packaging Concerns for Apples 
     One of the most popular commodities that must be carefully packaged in the fresh produce 
industry is the apple.  This section will focus on the specific concerns of packaging this produce 
item to give a better understanding and background to this project. 
     When fresh produce is packaged, several considerations must be taken into account.  By the 
time the product reaches the end user it must be free of bruises, cuts, punctures, disease and 
spoilage.   All of these conditions can occur due to vibrations during transport and compressive 
forces experienced over the product life cycle.  A study done on the effect of cushioning 
materials to prevent damage to the apples compared several different types of corrugated 
board and found them to be effective protectors (Jarimopas, S. P. Singh, Sayasoonthorn, & J. 
Singh, 2007). The study found that the corrugated material could effectively absorb a large 
percentage of impact energy from shocks and compression.   
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SECTION III 
SOLUTIONS AND METHODS 
 
Overview 
In this section, the methods used to achieve a successful solution will be reviewed.  This will 
include a look at the processes and procedures that were used during the project.  Alternative 
solutions will also be examined and compared to the primary solution. 
     The primary consideration of the redesign of the container is to reduce the amount of 
material used.  In order to successfully do this, the column strength of the box must be 
maintained.  The box redesign incorporates the use of pillars between ventilation holes on the 
sidewalls, as well as reinforcing the corners.  The addition of pillars can add significant strength 
and does not require additional material, only modification of the side flap design.  The pillars 
can also compensate for the strength lost through the ventilation holes, which is a 
consideration that the original design lacks.  
     The four corners of the corrugated container are critical points.  By redesigning the way the 
side flaps fold together so that the corners are reinforced, strength can be increased.  An 
increase in strength through the use of pillars and reinforced corners can allow for a significant 
reduction of material in other areas of the box.  The original design of the three piece bliss style 
container uses two identical end panels that fold into triple layer sidewalls.  If sufficient 
strength can be added through the redesign, the need for triple layer end panels will be 
eliminated, thus reducing the size of the cutout.  By modifying the end wall cutouts so that they 
form only a double layer, a significant amount of material will be saved.  This will have a very 
positive effect on the company, as well as the environment by reducing the carbon footprint of 
the package. 
     Some designs were in the form of a one piece box, rather than the three piece bliss.  These 
one piece boxes are a fold over style tray that incorporates the use of ventilation holes as well 
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as double and triple walled sides.  By incorporating new elements into these designs, the need 
for reinforced sidewalls was eliminated and material was saved. 
     To achieve a successful solution, ArtiosCAD software was used extensively. First the original 
design of the boxes had to be redrawn, so that replicas could be made for testing.  It is 
important to create fresh replicas rather than test the original box due to its loss of properties 
from being previously exposed to unknown conditions.  For the primary solution, data was 
collected by compression testing five sample boxes at different environmental conditions.  
These environments included standard conditions (73° F, 50% relative humidity), refrigerated 
storage (38° F, 85% relative).  Testing at standard conditions as well as extreme conditions is 
important as it replicates environments that the packages are exposed to throughout the 
lifecycle.  After conditioning in an environmental chamber for 24 hours, compression tests of 
the primary solution samples against the original container were immediately carried out. 
     Once data is collected from the original design, the redesigned box can then be tested in the 
same manor and meaningful data can be obtained.  By comparing to the original data, the new 
box can be manipulated and refined until the successful result is achieved.  When measuring 
the amount of material per box, it is important to note that this is not simply the area of the 
box.  Rather the box must be measured using its longest X-dimension and its longest Y-
dimension, creating what is called a blank area.  This principle is used because any material 
within these boundaries, even if unused on the box, is unusable and is therefore waste. 
Alternative Packaging Designs 
     Several new designs have been developed.  While all new designs save material, not all 
compare to the strength of the original standard, although they are very close.  Depending on 
the nature of the product to be shipped in the container, some of these designs may be very 
useful since they provide material savings, and the product may not require the same strength 
as a heavier produce.  
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One Piece Box With Corner Columns 
     The one piece corner column design has also shown to be a valuable alternative to the 
current one piece style box currently in production. This box exhibits a reduction in material 
used by 10.6%, allowing for significant cost savings, while increasing the compressive strength 
of the box as well by 3.7%.  In addition to its improved functionality, its sealed off end walls 
makes it resistant to moisture degradation as well, which is very important property for the 
fresh produce industry. While the original design had its flutes running vertically on the 
sidewalls of the box, it proved beneficial to orient them to run vertically on the end walls 
instead.  The sidewalls contain ventilation holes, which compromise the compression strength 
for the area of each vent.  By orienting the flutes to the end walls, the strength of the flutes can 
be fully utilized since there are no ventilation holes. Through the addition of triangular shaped 
columns that wrap into each corner of the box, strength was able to be significantly increased, 
which allowed removal of material in other areas of the design.  The result was an effective 
container that is more economically viable without compromising its compressive strength. The 
following page shows the ArtiosCAD layout as well as a comparison to the original design. 
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One Piece Corner Column 
 
Figure III: ArtiosCAD Layout of New Design  
Table II:Column Design VS Original Design  
Design 
Total Blank 
Area 
Material 
Savings 
Average Peak 
Force 
Strength 
Improvement 
Original Design 1272.8 in
2
 ― 1832 Lbs ― 
Corner Column  1137.3 in
2
 10.60% 1877 Lbs 2.40% 
 
               Figure IV: Corner Column                                                                       Figure V: Original Design 
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One Piece Box With Reinforced Corners 
     The next design provides a reduction in material, but also exhibits a slight reduction in 
strength.  This design would be ideal for applications where high strength is unnecessary, such 
as short lifecycle products, or where inner packaging is used that bears some of the load. This 
solution is shown as it is a possible alternative, but not detailed as it does not meet the strength 
threshold that the original design exhibits. 
 
 
Figure VI: ArtiosCAD Layout Corner Wrap  
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Bliss Box with Modified End Panels 
     This new three piece bliss style packaging design incorporates triangular columns into each 
of the four corners.  These columns provide a significant increase in strength while using less 
material than the original container.  Whereas the original design incorporates triple layered 
end panels for strength, the columns exhibit high strength while using only one layer.  
 
Figure VII: Layout Bliss Body Piece  
 
Figure VIII: Layout Bliss End w/ Columns  
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     Using the new end panel design, the bliss container tested to an average of about 35% 
stronger than the original design at near standard conditions of 63.8° F and 51.5% relative 
humidity.  When tested after being conditioned to 5°C and 85% relative humidity to mimic 
refrigerated storage, the new bliss design tested to an average of 34% stronger than the 
original container. The columns prove to be significantly stronger than the triple layered end 
panels and allows for a 13.10% reduction of material for the completed package. 
 
Table III: Dimensional Comparison  
Design X Dimension Y Dimension Total Blank Area 
Original End 
Panels 11.6 in 22.1 in 256.6 in
2
 
Column End 
Panels 22.9 in 7.3 in 167.2 in
2
 
Bliss Body 36.8 in  23.2 in 853.5 in
2
 
 
                              Figure IX: Bliss Columns                                                                          Figure X: Original  
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Alternate Material Selection 
     Another method of increasing the compressive strength of a corrugated container is to 
switch the type of material. In this case, B-flute is a strong substitute.  Compared to C-flute 
corrugate, B-flute is approximately 30% shallower in depth. In other words the amplitude of the 
flutes is only 60% that of a C-flute.  This means that when B-flute corrugated material is 
shipped, there is a savings in both space and weight of 30%.  This allows for more material to be 
shipped per load, allowing for a considerable cost savings.   
     However, as B-flute is more compressed, it does not provide the same level of cushioning as 
C-flute.  This is not critical in most circumstances, as cushioning is provided by the interior 
packaging of the container.    
     Beside this one drawback, B-flute is superior in printability, stacking strength and rigidity [9].  
When testing the same box design with both C-flute and B-flute, the B-flute proved to be 
significantly stronger.  B-Flute showed superior compression strength by nearly 34%, 
withstanding 2808 pounds, while C-flute withstood 1854 pounds.  
 
 
Figure XI: Performance of B vs C Flute  
 
B-Flute 
C-Flute 
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Table IV: Data Review of One Piece Solutions 
  Peak Force Avg. 
Deflection @ 
Peak Blank Size Material Savings 
Original Design 1832 Lbs 0.23 in 1272.8 in
2
 N/A 
Corner Column  1877 Lbs 0.36 in 1137.3 in
2
 10.60% 
Corner Wrap 1545 Lbs 0.24 in 1182.4 in
2
 7.10% 
Bliss Columns     
 
Tools 
A) Material 
- Corrugated C-Flute 
- Corrugated B-Flute 
- Glue 
B) Software 
- ArtiosCAD 
- GCwin 
- Lansmont Touch Test Compression 
C) Hardware 
- Kongsberg 1930 Premium Line Cutting Table 
- Lansmont Compression Tester 
- Champ 3 Hot Glue Gun 
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SECTION IV 
RESULTS AND DISCUSSION 
 
The purpose of this project was to address the need for a reduction in material through 
improved packaging container design.  Several solutions were found to successfully address this 
need.  Solutions were achieved through the creation of new designs as well as the exploration 
of alternate material selection.  Each proposed solution was tested for compression strength 
relative to the appropriate original container design using a Lansmont compression tester.  The 
leading solution was also tested for compression strength after being exposed to refrigerated 
conditions. This section will discuss the advantages and disadvantages of each proposed 
solution, show a comparison of how each design addresses needs, as well as overview the best 
solution by showing the data achieved through the testing process. 
Advantages and Disadvantages of Select Solutions 
Table V: One Piece Corner Column  
Advantages Disadvantages 
Material reduction of 10.6% Machinery changeover may be required 
Strength improvement of 2.4% New die must be made 
Significant cost reduction after 
implementation 
 
Increased resistance to moisture  
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Table VI: Column Bliss  
Advantages Disadvantages 
Material reduction of 13.1% Machinery changeover may be required 
Strength improvement of 34.7% at standard 
conditions 
New die must be made 
Strength improvement of 34.2% after 
exposure to high humidity 
Narrower stacking tabs due to reduction of 
material at each end 
Significant cost reduction after 
implementation 
 
 
Table VII: Material Change to B-Flute 1 
Advantages Disadvantages 
Strength increase of 34% Possible increased material cost 
Can be applied to any existing design, as well 
as new solutions 
Lower cushioning properties 
Increase in strength can allow for more 
flexibility in the creation of new designs using 
less material 
Not as commonly manufactured as C-flute 
Higher printability characteristics  
Increased Rigidity.  
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Comparison of Solutions 
This section will compare each solution against the original design for various criteria including 
but not limited to, performance properties, material usage and commercial feasibility.  
Comparisons are given in the following tables.  Each criteria is weighted on a numerical scale 
with a low 1 being of very poor performance and high of 5 being of excellent performance.  
Information is derived from the statistical results produced through the course of the project. 
 
Table VIII: Needs Comparison of One Piece Designs  
Need Original Design Corner Column  Corner Wrap 
Reduction in Material 
Cost 
- 4 4 
Maintain Structural 
Integrity 
- 4 2 
Resistant To Moisture 1 4 2 
High Column Strength 3 4 3 
Adaptable To Various 
Sizes and Layouts 
3 3 3 
Attractive Design 4 4 4 
Compete With Related 
Products 
4 4 4 
Compatible With 
Current Machinery 
4 3 4 
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Table IX: Needs Comparison of Bliss Designs 
 Original Design Column Bliss  
Reduction in Material 
Cost 
- 4 
Maintain Structural 
Integrity 
- 4 
Resistant To Moisture 2 4 
High Column Strength 2 4 
Adaptable To Various 
Sizes and Layouts 
3 3 
Attractive Design 4 4 
Compete With Related 
Products 
4 4 
Compatible With 
Current Machinery 
4 4 
 
 
Best Solution 
The improved bliss style container with columns has shown to be the best solution produced.  
All data has shown that it is a significant improvement over the original bliss container with 
triple layered endwalls. The graphs and charts that follow illustrate the performance of this new 
design in comparison to the original.  Compression tests were carried out on a Lansmont 
compression tester at near standards conditions as well as after exposure to high humidity.  
The results show that the new design is an excellent replacement as it drastically increased the 
compressive strength of the container while reducing the material usage by about 13%.  This 
makes it the best option for both economic and performance reasons.  
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Compression Test Results at Near Standard Conditions 
 
Figure XII: Compression Strength at Standard Conditions 
Design 
Total Blank 
Area 
Material 
Savings 
Average Peak 
Force 
Strength 
Improvement 
Original Bliss 1366.7 in
2
 ― 988 Lbs ― 
Column Bliss 1187.9 in
2
 13.10% 1514 Lbs 34.70% 
Table X: Original Bliss VS Column Bliss 
The results shown above show the new column bliss container exhibiting an average of 34% 
increase in strength after five samples were tested of each container.   
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Compression Testing Results at Refrigerated Conditions 
 
Figure XIII: Compression Strength at Refrigerated Conditions  
Table XI: Original Bliss VS Column Bliss at Refrigerated Conditions (5°C, 85% RH) 
Design 
Total Blank 
Area 
Material 
Savings 
Average Peak 
Force 
Strength 
Improvement 
Original 
Bliss 1366.7 in
2
 ― 561 Lbs ― 
Column 
Bliss 1187.9 in
2
 13.10% 852 Lbs 34.20% 
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Discussion 
As shown above, the column bliss container is an excellent replacement option for the fresh 
produce industry.  Implementation of this design would give the company considerable cost 
savings, as well as improved structural performance which translates to better product 
protection to better serve the end user.  The one piece column box is also a valid replacement if 
cost savings are desired with minimal variance in structural properties.  This design may be 
feasible in an application or setting where bliss style containers are not desired.  A change in 
material usage also proved to be an effective alternative for increased performance properties 
if it is not desired to change container designs.  Each solution addresses a need in a different 
manner as each is a unique style or material, giving the user a high degree of flexibility in 
choosing the best solution for their personal needs. 
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SECTION V 
CONCLUSION AND OBSERVATIONS 
 
Summary 
The process of making feasible new designs of corrugated containers for the fresh produce 
industry is very lengthy in nature.  The student first had to gather enough knowledge about the 
industry and risk factors specific to subject before work could be started. After gaining 
comprehensive knowledge through research, design work began.  The design process is trial 
and error, where designs have to be reworked and modified dozens of times before they can be 
even considered for testing.  Once testing is carried out, the data can be reviewed and 
compared against the original design data.  This gives an accurate assessment of what works 
and what doesn’t. This data is crucial and is used to further improve designs by implementing 
critical components that have been shown to be successful.  This process repeats itself for some 
time, until adequate solutions are produced.  
     From this process, the student has gained extensive knowledge about the corrugated 
industry as well as package designing and testing.  There has been a considerable increase in 
software skills such as ArtiosCAD and package performance testing software.   
     To achieve each result, designs were created on ArtiosCAD and tested at length.  This 
process had to be repeated several times before usable results were obtained.  For the three 
successful design solutions discussed in this paper there were a dozen failures that had to be 
discarded.  Each failure served to provide insight into the most important considerations to take 
into account during the design process, eventually resulting in successful designs. 
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Problems 
During the course of the project several problems presented themselves and had to be 
rectified.  The first issue was the general scope of the project.  The problem statement as given 
was very broad, creating confusion as to where focus needed to be given.  To address this, the 
student focused on creating several designs in different categories, including making different 
styles of containers as well as addressing alternative material selection.   
     Another problem that had to be addressed was the limited access to the laboratory to create 
new designs and test them.  As the design process is very long this created a lack of time 
flexibility.  This problem was addressed by coordinating with faculty advisors and technical staff 
to better create opportunities for work. 
Future Work 
     Future work for this project include research into the compatibility of new designs with the 
current machinery that the company uses, as well as product testing in a real world 
environment.  By testing these new designs in the fresh produce industry and putting them 
through the entire product lifecycle, from packing to storage and transportation, it will better 
show how they can benefit the company. 
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